Introduction
Temporal lobe epilepsy is the epileptic syndrome most amenable to surgery. In patients with unilateral temporal lobe epilepsy, remission rates ranging from 65 to 94% post-operatively have been published in the literature.
1,2 Worse results were obtained in patients with normal MRI and discordant preoperative clinical data. 3 Poorer surgical results were also obtained after surgery in patients with bilateral surface EEG temporal lobe spiking, especially in the pre-MRI era. 4 Volumetric MRI studies showed that some degree of bilateral involvement could be seen in up to 20% of the patients with temporal lobe epilepsy. 5, 6 Some studies suggested that the presence of any contralateral hippocampal involvement in patients with visually detected unilateral hippocampal sclerosis would carry a negative effect on the post-operative outcome, 7 but others showed that good outcome could be obtained in this setting. 8 Although some degree of bilateral hippocampal involvement might be frequent, severe bilateral mesial temporal sclerosis is very rare, even in large series. It is possible that every large surgical series of patients with temporal lobe epilepsy included some patients with bilateral MTS, but the pre-operative work-up and outcome of these patients was only sparsely discussed. Actually, it is likely that in most centers patients with severe bilateral MTS would not be considered good surgical candidates and not adequately investigated.
The majority of patients with temporal lobe epilepsy are presently worked up pre-operatively using non-invasive protocols. 9 Invasive recordings are presently restricted to patients with non-concordant clinical data, or bilateral structural damage. 10 We present our experience while treating patients with severe bilateral MTS submitted to invasive recordings. Introduction: Although some degree of bilateral hippocampal involvement might be frequent in patients with temporal lobe epilepsy, severe bilateral mesial temporal sclerosis (MTS) is very rare. We present our experience while treating patients with severe bilateral MTS submitted to invasive recordings. Methods: Nine adult patients were studied. All patients had simple and complex partial seizures. All patients had bilateral independent interictal temporal lobe spiking and non-lateralizing video-EEG findings. MRI showed severe bilateral MTS and no other brain lesion. All patients had severe verbal and non-verbal memory deficits. All patients were submitted to invasive recordings after bilateral subdural grids implantation. Cortico-amygdalo-hippocampectomy (CAH) was performed in all patients on the side suggested by invasive recording. Follow-up time ranged from 5 to 10 years. Results: Invasive video-EEG showed exclusively unilateral seizure onset in seven patients; in two patients, seizures originating from both temporal lobes were found (80% of them originated from one side). Five patients were submitted to left and four to right CAH. Seven patients were rendered seizurefree after surgery (Engel I); the other two were rated as Engel II. There was no additional memory decline. There was no surgical morbidity or mortality. Pathological examination showed MTS in all patients. Discussion: Good surgical outcome (77% seizure-free patients) could be obtained even in this apparently unsuitable group of patients. All patients benefit from the procedure. We did not see any cognitive decline in our patients with severe bilateral MTS. Patients with severe bilateral MTS would need invasive recordings despite any findings during surface video-EEG. ß 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Methods
Nine patients treated at the Hospital Brigadeiro Epilepsy Surgery Program from 1997 to 2002 were studied. All patients had detailed clinical history, interictal and ictal surface EEG, preand post-operative high-resolution MRI and neuropsychological testing, invasive recording and post-operative follow-up.
Age ranged from 23 to 43 years by the time of surgery. Five patients had history of febrile seizures. In seven patients there was a lucid interval before initiation of the typical seizure pattern. All patients had simple and complex partial seizures; age of seizure onset ranged from 2 to 6 years. In all patients, seizures were compatible with mesial temporal lobe origin and no neocortical aura was noted. Seizure frequency ranged from 1 to 11 per week (mean = 4.7). Two patients had sporadic tonic-clonic seizures. No patient had history of neurological insult or status epilepticus prior to seizure onset. All patients had bilateral independent interictal temporal lobe spiking. Surface video-EEG recordings documented the presence of complex partial seizures originating over the temporal lobes, but were non-lateralizing in all patients.
MRI (1.5 T) included T1, T2 and FLAIR thin coronal slices perpendicular to the hippocampal axis in all patients. Axial T1, T2 and FLAIR sequences were used to rule out additional pathology. Visual inspection of MRI, performed by two independent raters, showed severe bilateral mesial temporal sclerosis; no other brain lesions were noted (Fig. 1) .
All patients were submitted to standard neuropsychological testing with emphasis on memory, including WAIS, Wechsler memory, Boston naming, Wisconsin card sorting and somesthesic (strength and two point discrimination) testing. Patients were considered to have pre-operative memory deficit when they were performing at least two standard deviation below normal. Patients were considered to have memory improvement/decline postoperatively if they performed at least one standard deviation from pre-operative baseline findings. All patients had severe verbal and non-verbal memory deficits. No patient was submitted to Wada test, since all of them failed the pre-injection memory assessment.
All patients were submitted to invasive recordings after bilateral subdural grids implantation. Under general anesthesia, two separate temporal craniotomies were performed and a 32-contacts subdural grid was inserted embracing each temporal lobe. The most caudal contacts were left in contact with the parahippocampal gyrus and the more cranial ones were covering the inferior frontal gyrus; patients were then submitted to invasive video-EEG recordings (Fig. 2) .
Cortico-amygdalo-hippocampectomy was performed in all patients on the side suggested by invasive recording. The procedure consisted of complete hippocampectomy and cortical resection including T1, T2, T3, fusiform and parahippocampal gyri, with its posterior border at the level of central artery's exit from the sylvian fissure. Follow-up time ranged from 5 to 10 years. No patient was lost to follow-up. Resection was not denied to any patient after invasive recording. There were no other patients with severe bilateral mesial temporal sclerosis treated at our center during this period.
Patients with temporal lobe epilepsy and normal imaging, unilateral mesial temporal sclerosis or other brain lesions were excluded, as were patients with extra-temporal spiking or pseudoseizures during surface video-EEG recording.
Results
Invasive video-EEG showed exclusively unilateral seizure onset in seven patients; in two patients, seizures originating from both temporal lobes were found, but at least 80% of them originated from one side. Seizure onset was focal in seven patients and regional in two (not the same patients who had seizures originating from both temporal lobes) of them during invasive recording. In all seizures a clear fast epileptic recruiting rhythm could be seen over one parahippocampal/hippocampal region. The most frequent (seven patients) seizure spread pattern consisted of an early ipsolateral spread to the neocortex, followed by contralateral involvement. On the other hand, in two patients high amplitude spiking was initially noted to involve the contralateral mesial structures and neocortex, before ipsolateral cortex was reached (Fig. 3) .
Five patients were submitted to left and four to right corticoamygdalo-hippocampectomy. Seven patients were rendered seizure-free after surgery (six in Engel IA; one in Engel IB), including one patient in whom seizures were recorded bilaterally and one patient in whom there was regional ictal onset after invasive recordings. The two other patients had at least 90% seizure frequency reduction and were rated as Engel II. Five of the six Engel IA patients were receiving lower AED dosages; all Engel IB and II patients were under the same AED regimen at last follow-up. We did not notice running-up or running-down phenomena in our series. There was no additional memory decline. There was no surgical morbidity or mortality. Pathological examination showed mesial temporal sclerosis in all patients; no other brain lesions were noted.
Discussion
We showed that in patients with severe bilateral MTS good surgical outcome (78% seizure-free patients) could be obtained, even in this apparently unsuitable group of patients. Patients were followed by trained epileptologists and we did not observe any reappearance of seizures during follow-up. All patients benefit from the procedure. We performed complete hippocampectomy and defined the posterior border of cortical resection at the level of the central artery; this represents a proportional (not linear) strategy and left Wernicke area behind in all patients operated on the dominant hemisphere. Many centers would likely deny surgery to this patient population based on concerns related to potential poor surgical results regarding seizures and the fear for additional cognitive decline. 11 This series is the first to directly address the work-up and outcome of this specific patient population. We did not see any cognitive decline in our patients with severe bilateral MTS, as noted by others. 12, 13 This is probably related to the fact that these other series treated patients with light asymmetric bilateral hippocampal involvement, and not patients with severe bilateral MTS. Actually, even in patients with unilateral MTS, the likelihood of cognitive decline is directly related to the amount of hippocampal atrophy 14 ; our patients were so severely affected in terms of memory, that they would have very little to loose. Different non-invasive protocols were proposed for the preoperative evaluation of patients with bitemporal epilepsy, and the majority of them did not need invasive recordings. 15 This might be true for patients with unilateral MTS, non-severe or asymmetric bilateral hippocampal involvement, but was certainly not the case in our patients. None of our patients with severe bilateral MTS got fully lateralizing results after surface video-EEG recording. Additionally, in two of our nine patients, the invasively recorded electrographic seizure pattern consisted of an early spread to the contralateral mesial and neocortical structures, compatible with a functional hippocampal commissure 16 and these findings could be easily misdiagnosed in surface EEG recordings as contralateral seizure onset. False-lateralizing findings were also found in patients with unilateral MTS 17 ; surgery should be guided by the MRI lesion and not the neurophysiological findings in patients with unilateral mesial temporal sclerosis. We do believe that all patients with severe bilateral MTS would need invasive recordings despite any findings during surface video-EEG. In this setting, surface video-EEG recording is actually a preparation for additional invasive recording. We have used bilaterally implanted subdural electrodes. 18 It has the advantage of covering both the neocortical and mesial structures bilaterally. It proved to be effective and safe; the main disadvantage would be the need to perform two distinct craniotomies at implantation. In this setting, it would be possible to use several strips inserted through an enlarged burr hole bilaterally instead of grids, with or without depth electrodes, but we found it more difficult to adequately position them in a symmetric fashion. We did not find any patient with severe bilateral MTS in whom a neocortical seizure origin was documented; additionally, no other brain pathology other the MTS was found. We found no seizure with neocortical onset in our patients and apparently it would not be essential to record directly from the cortex. If this happens to be true in larger series, less invasive techniques such as foramen ovale electrodes 19 or depth electrodes 20 (which would sample the mesial structures directly) coupled with surface video-EEG recording might be adequate to investigate these patients with severe bilateral MTS, although this has not been shown so far. Although patients with severe bilateral MTS are clearly very ill, good surgical outcome could be obtained after adequate preoperative work-up, including invasive recordings.
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The research was approved by the local Ethics Committee. Fig. 3 . Sample of an intra-cranially recorded ictal event from a patient with severe bilateral MTS that could easily led to false-localizing findings in surface video-EEG. Above: ictal activity could be seen originating from the right parahippocampal region with an early spread to the contralateral homologous area. Below: although low-amplitude tonic involvement could be seen from the start over the right temporal lobe, ictal spread consisting of high amplitude spiking could be seen over the contralateral neocortex many seconds before such ipsolateral neocortical involvement. Surface EEG suggested left temporal lobe seizure onset (wrong side). This patient was submitted to right cortico-amygdalo-hippocampectomy and was rendered seizure-free after surgery.
